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Project: Advanced Cyclone Cotnbustor 
Demonstration Project 

Industrial Participant: 
Coal Tech Corporation 

Cofunders: 
State OF Pennsylvania Energy Development 

Authority 
Pennsylvania Power and Light 
Keeler Boiler h4anufacturing Company 

Process: Advanced air-cooled slagging 
cyclone combustor with limestone addition for 
SO, control 

Location: 
Williamspxt, Lycoming County, PA 

Coal Feed Characterietlce: 
Pennsylvania bituminous--Freeport seam 
(2% to 4% sulfur) 

Feed Rate: 24 tom of coal per day 

Combuetor Size: 30 hlMBtu/hour 

Production: Steam and/or electricity 

Estimated Total Cost: $785,984 
DOE: $392,992 

Industrial Participants: $392,992 

Project Objectives: 

To demonstrate an air-cooled cyclone, pulverized coal combustor of an advanced design to show that 
90 pxcent of the coal ash can be retained and rejected, that NO, emissions can be. held to 100 parts per 
million and that SO, emission can be reduced by up to 90 percent. If successful and implemented 
boiler slagging and acid rain feewsor emissions would be reduced, and additional high-sulfur U.S. coal 
could be used in an envimnmentally acceptable manner. 

Process Description: 

The project demotwates an advanced horizontal cyclone combustor with integral sulfur, nitrogen, and 
ash control systems. Air is mixed with fuel in standard burners or combustots that ate attached to the 
outside walls of toilers. The burning mixtute is then discharged into the boiler, heating water in the 
tubes to pmdwe steam. The Coal Tech combustor, which will replace a standatd burner, also mounts on 
the outside wall of the boiler, mixes coal, sorbent (limestone) and air, provides ignition, and removes ash 
before discharging the hot combustion products to the boiler. The 3Mfh4Btu-per-hour combustor is 
approximately 5 feet in diameter and 8 feet long. 

Sulfur oxide is controlled by means of limestone injection into the burner. Formation of NO, is limited 
by operating the first combustion stage with an oxygen deficiency. Additional oxygen is added to 
complete combustion after the combustion products leave the combwtor. The system is also designed to 
obtain very high ash removal by cyclonic action in the combustor, resulting in a unit that can be easily 
retrofitted lo gas- and oil-tired units. The simultaneous reduction of three different pollutants makes the 
performance of this combustor unique. 



Advanced Cyclone Combusta 
Demonstration Project 
(Coal Tech Ciqmration) 

Key Milestone Dates: 

DOE selected project 7/24/M 
issued comprehensive report 
to congress YlU87 

DOE signed cooperative agreement 3/20/87 
Completed design and permitting 7lw87 
Completed construction and Stan-up 11/22/87 
Started operation lli23/87 
Complete project 6/30/89 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation, Data Collection, Reporting, and 
Disposition 

Voject Status: 

The combustor started opzration in November 1987. Since then, the combwtor has been operated 
approximately 18 times and in exces.? of 250 hours with over SO parametric conditions and four 
Pennsylvania coals. The coals used were high and low ash-fusion temperature coals with sulfu and 
volatile content mnges of 1.1 - 2.5 percent and 20 - 25 percent, respectively. There are, however, 
concerns about (1) slag removal at the combustor, (2) schedule slippage, and (3) whether suffkient funds 
remain to meet all Ciqemtive Agreement deliverables. 

+oblems/Potential Problems: 

Schedule and funding modifications are required if Coal Tech is to meet all of the Cooperative 
Agreement deliverables. Some equipment reliability problems developed during operations, thereby 
causing some delay to testing activities. These problems are being corrected. Overall technical 
feasibility in longer duration testing remains to be demonstrated. 



I 

Advanced Slagging Coal Combustor Utility 
Demonstration Project 

TRW, Inc. 
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Advanced Slagging Coal Combustor Utility 
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Project: Advanced Slagging Coal Combustor 
Utility Demonstration Project 

Industrial Participant: 
TRW, Inc. 

Cotunders: 
state of Ohio 
State of New York 
Orange and Rockland Utilities, Inc. 
Empire State Energy Research and 

Development Authority 
EPRI 

Process: Advanced slagging coal combastor 

Location: 
Orange and Rockland Utilities’ Lovett Station, 

Stony Point, NY 
TRW Slagging Combustor Test Facility, 

Cleveland, OH 

Coal Feed Characteristics: 
Eastern U.S. bihuninous coal of low- to 
medium-sulfur contant (0.7% and 2.5%) 

Plant Capacity: 69 MWe retrofit with four 
160-MMBtu per hour combuston 

Estimated Total Cost: $49,ooo,cal 
DOE: $23,52O,GIM 

Industrial Participants: $25,480,000 

Project Objectives: 

To demonstrate an advanced slagging coal combastor at a scale suitable for utility application. The 
project will involve converting an existing utility boiler from oil to coal, while mccting environmental 
standards and without derating the unit. 

Process Description: 

The slagging combuator removes coal ash in the form of a molten slag and is similar to a unit currently 
being developed for industrial scale by TRW. A key distindion in the proposed demonstration effort is 
the addition of several techniques designed to remove potential sulfar poUutants. Limestone, which acts 
as a sulfar absorber, will be injected into qe combustion gases before they are sent into the boiler. To 
enhance stdfur caphue, a lie recycling system will be installed and tested. If successful it will 
economically control SOx from low- to medium-sulfur coals to the NSPS level. 

This project will extend TRW’s demonstration of its slagging coal combustor from the smalI industrial 
boiler demonstration (40 MMBm per hour) to a fall-scale utility boiler retrofit demonstration, converting 
oil-fuing to coal-firing using four lKl-MMBm-per-how combuston and controlling NOx, SOX, and 
particulate emissions to meet environmental standards both economically and without derating the boiler. 

A boiler in an Orange and Rockland Utilities power plant located at Stony Point, NY, will be retrofitted 
with four combustors, including pulverizcd coal and limestone feed systems, slag handling and 
particulate filter systems, and modification of heat exchange and gas flow systems. During the design 
phase of the Orange and Rockland project, coal-burning tests and calcined limestone recycle tests will be 
conducted at TRW’s industrial-scale slagging combastor test facility located in Cleveland, OH. 



Advanced Slagging Coal Combustor Utility 
Demonstration Project 
Q-Rw, Inc.) 

<ey Milestone Dates: 

DOE selected project lw7t87 
Issued comprehensive report to 

cnngress 10/4/88 
DOE signed cooperative agreement 11/4i??8 
Complete preliminary design 6189 
Long delivery ordering begins 5189 
Complete design and pxmitting l/90 
Begin construction l/90 
Complete construction and start-up 3/91 
Begin o~rational testing 3191 
Complete project 12191 

Project Selected 

Cooperative Agreement Executed 

Design and Permitting 

Cixtstruction and Start-up 

Operation and Disposition 

Project Status: 

The project is in its initial stage of pzst-award activities. Contracts are being negotiated between 
TRW, Inc., and sulxxxttmetors. An initial site inspection has been conducted by the architecture and 
engineering company working on the project. The first draft of the Envitwmental Information Volume 
has been received by DOE. 

Problems/Potential Problems: 

None. 



The Appalachian IGCC 
Demonstration Project 

The M.W. Kellogg Company 
Bechtel Development Company 
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The Appalachian IGCC Demonstration Project 
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Project: Tbe Appalacbim IGCC 
Demonstration Project 

Project Objectives: 

Industrial Partlclpants: 
The M.W. Kellogg Company 
Becbtel Development Company 

To design, build, and operate a grass roots, advanced coal gasification combined-cycle, power generation 
plant that will utiliie blgb-sulfur, Eastern U.S. bituminous coal to demonstrate an efficient, economical, 
and environmentally advantageous method of generating electric power. 

Process Descrlptlon: 
Cofundera: None 

PrOCeSS: Integrated coal gasification 
combined cycle 

Location: New site ia New York State under 
consideration 

Substantial effort already baa been focused on the development of power generation systems milizing 
coal gasification coupled with gas turbines in integrated gasification combined cycle (IGCC) 
coafigwations. From an economic standpoint, such systems show promise for significantly 
outpetforming coaventional coal-fired steam plants with FGD. They also have the potential to meet 
increasingly stringent envimnmental emission and siting requirements while taking full advantage of the 
Nation’s vast coal resources. 

Coal Feed Charaoterlatlca: A major milestone in the development of IGCC technology in the U.S. was achieved with the successful 
Pennsylvania high-salfur, bitmninous coals operation of the Cool Water facility at Daggett, Caliiomia. The Cool Water demonstration successfully 
from the Brookville, Upper Freeport, and integrated oxygen-blown, entrained-flow gasfication; cold gas scrubbing technology for contaminant 
Pittsburgh seams and sulfur removal; and a modem combined-cycle gas turbine system for power generation. 

Plant CaPaCt&: 63.5 MWe (net) 

Feed Rate: 551 toas of coal per day 

Estimated Total Cost: 
DOE: 

Industrial Participants: 

$243,837,0tM 
$87,528,500 

S156,308,500 

Aa advanced concept has been developed that improves upon this first-generation IGCC technology. By 
using a KRW air-blown gasifier (which consumes less auxiliary power than an oxygen-blown system), 
hot gas cleanup, and aa innovative tail gas treatment processing scheme, the concept provides higher 
thermal efficiency and superior environmental performance when compared to fust-generation systems. 
Tbls advanced approach will offer an excellent option for meeting future and potentially more stringent 
environmental emission constraints. Its standard&d modular design and simple process wnfiiation 
are also expected to yield signiticantly lower engineering and equipment costs. 



The Appalachian IGCC Demonstration Project 
(The M.W. Kellogg Company/ 
Ekchtel Development Company) 

<ey Milestone Dates: 

DOE selected project 7/24/86 
Issued comprehensive report 

10 congress 12/22/87 
DOE signed cooperative agreement li22/88 
Complete design and permitting 1uW 
Complete construction and start-up 12m 
Begin operation 12p2 
Complete project 12/94 

Cooperative Agreement Executed 

Preliminary Engineering and Analysis 

Preliminary Design and Permitting 

Detailed Design. 

Construction and Start-up 

Operation, Data Collection, and Reporting 

project Status: 

The cooperative agreement was signed in January 1988. Phase I is prcceeding and is subdivided into: 

IA--Preliminary Engineering and Analysis (12 months) 
IB--Preliminary Design and Permitting (9 months) 
IC--Detailed Design (15 months) 

Problems/Potential Problems: 

A long-term sales agreement needs to be finalized on termS satisfactory to service the project debt and 
operating costs, othenvise the economic viability of the project could be in jeopardy. In order to mitigate 
sales problems an alternate site at Coming, NY, is under consideration. This has resulted in a project 
schedule increase for Phase IA of 6 months. 



Clean Energy IGCC 
Demonstration Project 

Foster ‘Wheeler Power Systems, Inc. 
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Project: Clean Energy IGCC Demonstration 
Project 

Project Objectives: 

Industrial Participants: 
Foster Wheeler Power Systems, Inc. 
Others to be finalized 

To demonstrate the technical, envimmnental, and economic performance of an advanced integrated 
gasification combinedcycle system in a repowering/cogenemtion application at the integrated 
commercial scale. The system will utilise IGT’s U-Gas process (fluidized bed gasifier) with hot gas 
cleanup. 

Cofunders: Process Description: 
Others to be finalized 

PrOCeSS: Integrated gasiEcation combined 
cycle using IGT U-Gas proxss 

Location: An alternate site in VA is under 
consideration. 

An integrated gasification combined-cycle powerplant will be designed to convert high-salfur West 
Virginia coal into electric power and steam in an envimnmentally acceptable manner, while offering a 
significant reduction in capital and operating cc& over conventional coal-based technologies with flue 
gas cleaning. The pmpxed project concept is based on the U-Gas coal-gasification process with 
limestone injection for salfur removal. Hot paniculate removal will lx. accomplished by a zinc-fenite 
sulfur removal pncess. The product, low-Btu gas, will be. combosted in a gas turbine with a steam 
generator to recover residual heat. 

Coal Feed Characteristics: 
High-salfur West Virginia coal 

Production: 44 h4We and 200,ooO pounds of 
steam pr hour (59 Mwt) 

Feed Rate: 600 tons of coal per day 

Estlmsted Total Cost: 

DOE: 
Industrial Participants: 

Subject to 
negotiation 

TBD 
TBD 

TBD: To be determined 



Clean Energy IGCC Demonstration Project 
(Faster Wheeler Power Systems, Inc.) 

<ey Milestone Dates: 

DOE selected poject 
Kick-off meeting for 

fact-finding Fs.9 
Issued preagreement milestone 

schedule 
Issue comprehensive repxt 

10 Congress 
Execute cooperative agreement 
Cnqplete design and prmitting 
Complete construction 
Begin operation 
Complete project 

lOffi87 

11/5/87 

12/15@3 

TBD 
TBD 
TBD 
TBD 
TBD 
4/94* 

* Preliminary: subject to negotiation 

Project Selected 

Cooperative Agreement Executed 

Design and Permitting 
Construction and Start-up 

Operation 

H 

- 

f&# 

- 

Jroject Status: 

Fact-Ending and negotiating activities are in progress. Execution of the cooperative agreement has been 
delayed due to project restmcturing. It appears a new site in Virginia will be selected to supply per to 
VEPCO and steam to an adjacent industrial plant. A firm spacializing in the development of 
cogenemtion projects is considering becoming a principal partici~t. 

Problems/Potential Problems: 

None. 



Gas Reburning/Sorbent Injection 
Demonstration Project 

Energy and E,nvironmentaI Research Corporation 



Gas Reburning/Sorbent lnjectio,n Demonstration Project 
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Project: Gas Reburning/?Zotint Injection 
Demonstration Project 

Industrial Partlclpant: 
Energy and Envimnmental Research Corpxa- 
tion 

Cofunders: 
State of Illinois 
Gas Research Institute 

PrOCSSS: Flue gas clean-up by gas rebuming 
for N4, control and sorbent injection for SO, 
control 

Location: 
Hennepin, Putnam County, IL 

(Hennepin Station) 
Bartonville, Peotia County, IL 

(Edwards Station) 
Springfield, Sangamon County, IL 

(Lakeside Station) 

Coal Feed Characterletlcs: 
Illinois and Kentucky bituminow coals 
(1% to 3.8% sulfur) 

Plant Capaclty: 80 hfwe, 117 MWe, 
40 MWe 

Eatlmated Total Coat: $29,95X,253 
DOE: $14,998,253 

Industrial Participants: $15,ooo,ooo 

Project Objectives: 

To conduct three full-scale utility demonstrations to show that the combination of gas rcburnlng and 
sorbent injection can reduce NOx emissions by 60 percent and SOx emissions by SO prcent from 
pre-NSPS boilers. If successful, the pmjcct will demomtrate a process and equipment that could bc 
easily rctmfiltcd to about 900 U.S. utility boilers (tangentially fired, wall-fired, and cyclone-fired). This 
project would also make high-sulfur U.S. coals more able and would reduce SOx and NO, emissions. 

Process Description: 

This project will demonstrate the gas re.burning/sortent injection ~xoccss (GFUSI) on three different 
boilers representing three different combustion configurations. 

The GR81 prwess has teen developed to interface with the existing coal combustion systems. The 
existing burners or combostors are retained when the GR/SI ~xxcss is installed. Control of NOx is 
achieved by burning less coal in the boiler at a carefully contmllcd air-to-fuel ratio. Natural &as injected 
downstnam of the coal combustion zone compensates for the. decreased coal input to the boiler. A 
portion of the NO. formed by the coal combustion is conwtcd to nitrogen by the reducing atmcqdwcs 
caused by the partial combustion of natural gas. Air is then injected downstream of the natural gas 
injection pint to complete this staged combustion process. This procedure reduces NOx emissions by 
approximately 60 ~rcent. 

Emissions of SO, arc reduced in the GR/SI process by injecting a sorbent into the upper part of the boiler 
or into the floe gas duct downstream of the boiler. The sorbent (now contained in the fly ash) is removed 
from the flue gas in an existing ESP or baghow. The need for flue gas humidification, which enhances 
both sorbcnt activity for SOz captwe and ESP performance, is a site-specific determination. In this 
project, humidification will be used at two of the three sites, and sorbent injection into the flue gas duct 
will bc tested at the cyclone boiler site. The process will reduce SOx emissions by approximately 
50 pxent while burning a blend of high-sulfur coal. The. GWSI process provides an alternative 
technology to conventional wet FGD pmxsc.s, while requiting less physical space. 

This project will we the following host sites: 

. A tangentially tired SO-MWe boiler owned by Illinois Power Company and located near Hennepin, 
IL. This boiler has burnem mounted at the comers and directs the burning coal and air tcward points 
jut off the ccnter of the boiler. 

. A wall-fired 117-MWe boiler owned by Central Illinois Light Company and located near Barton- 
ville, IL. This boiler has burners that direct the burning air/coal into the furnace in a direction that is 
pe~ndicular to the wall in which the burners arc. mounted. 

l A cyclone-fired 4O-MWe boiler owned by City Water, Light and Power Company located in 
Springfield, IL. This boiler has a combustion system that is extental to the boiler, and the hot com- 
bustion products enter the boiler after the combustion is complete. 
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Gas Reburning/SorL?ent Injection Demonstm- 
tion Project 
ro~gy and Envimnmental Research Corpxa- 

Key Milestone Dates: 

DOE seiected project 7124186 
Issued comprehensive rcpxl 

to Congress 6/S/87 
DOE signed cooperative agreement 7/14/87 
N!?PA clWance received for 

Hennepin Station S/W38 
NEPA clearances expected for all sites 3/89 
Complete design and pxmitting 3189 
Complete construction and start-up 3190 
Begin operation 3189 
Complete project 12191 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation, Data f&llecfion, Reporting, and 
Disposition 

Wject Status: 

Phase I-Design and Permitting work, initiated in June 1987, continued throughout 1988. Host site chac- 
terizations, boiler design information mquirements, architectuml and engineering firm selections, and 
preparation of environmental information have resulted in a 6 month delay in completion of Phase I. 

A Memo-to-File to complete the NEPA requirement was signed by DOE on June 13, 1988, for testing to 
be perfortiwd at the Hennepin Station of the Illinois Power Cnmpwty. Completion of NEPA require- 
ments for Edwards and Lakeside Stations is expected in e&ly 1989. 

Droblems/Potential Problems: 

Delay in completion of Phase I-Design and Permitting activities may adversely affect the total project 
schedule and cost. 
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The Babcock & Wilcox Company 
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LIMB Demonstration Project Extension 
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Pr+zt: LIMB Demonstration Project 
Extension 

Industrial Partlclpant: 
The Babcock dt Wilcox Company 

Cofunders: 
state of Ohio 
Consolidation Coal Company 

Process: Flue gas cleanup--LIMB and 
Coolside duct injection 

Location: Lorain, Lorain County, OH 
(Ohio Edlln’s Edgewater Plant) 

Coal Feed Characteristics: 
Medium- and high-&u bituminous coal 

Plant Capaclty/ProducUon: 10s MWc 

Estimated Total Cost: $19,404,940 
DOE: 57j97.026 

Industrial Participants: X1,807,914 

eject Objectives: 

To test s variety of coals and sorbents ta demonstrate the limestone injection multistage burner (LIMB) 
process as a retrofit system for simultaneous control of sulfur and nitrogen oxides in the combustion 
process. Project goals for LIMB are to demonstrate up to MTpercent NO, and S4 reductions. 
Additionally, using the Coolside duct injection process, a base of sorbent and one coal will be tested to 
demonstrate in-duct sorbem injection, upstream of the humidifier and precipitator, to show SOx removals 
of up 10 80 percent. 

This project will be conducted at Ohio Edison’s Edgewscer Plant in Lorain, OH, on L commercial, 
10%MWc boiler. The present EPA-sponsored project will test only one coal and sorbent combiiation for 
the LIMB process. The DOE project will demonstrate the LIMB prwsss with multiple coal and sotbent 
combinations to show the general applicability of the process using medium- and high-sulfur coal. The 
DOE project will also demonstrate the Coolside process using high-sulhu coal in a commercial scale 
plant. Until now, the Coolside process has been demonstrated only 81 the 0.1~MWe and l-MWe scale. 

‘ocess Description: 

The ‘JviB process is expected to reduce SOx by 50 percent to 60 percent by injecting dry sorbent into 
the boiler al the point above the burners. The sorbent then travels through the boiler and is removed 
along with fly ash io the existing particulate removal equipment, either an dectrostatic precipitator (ESP) 
or a baghouse. 

In the Coolside process, dry sorbent is injected into the flue gas after the bailer and before the ESP. The 
gas is humidified in this process m enhance both FSP performance and SOx absorption. Also, a chemical 
additive will be d&solved in the humidification water to improve SO= absorption. Because of these 
benefits, ir is expected that humidiicatioo equipment will be part of most, if not all, commercial Coolside 
applications. The spent sorbent is also collected with the fly ash as in the LIMB process. Reduction of 
SOx by 50 percent to 80 percent is expected. 

Both demonstrations will utilize the same low NO, burners. These burners, which can replace 
conventional burners, control NO, by injecting the coal and part of the combustion air simultaneously so 
that the first of the combustion reactions take place in an oxygen-deficient environment. The balance of 
the combustion air is introduced in a second stage lo complete the combustion process. This staged 
combustion process has been found to reduce NO* emissions by 50 percent to 60 percent. 

The LIMB and Coolside processes both provide an alternative to conventional we1 flue gas 
desulfuization (FGD) processes. Both are expected to be substantially less expensive than wet FGD, 
and their space requiremen@ are also substantially less. These factors are very important in retrofit 
applications. 
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LIMB Demonstration Project Extension 
(The Babcock & Wilcox Company) 

<ey Milestone Dates: 

DOE selected project 7/24/86 
Issued comprehensive report 

to Congress 5111187 
Phase I (desiga and permitting) and 

IL4 (long-lead procurement) 
began S/11/87 

Memo-to-File for NEPA requirement 
signed 6l2487 

DOE signed cooperative agreement 6l25/87 
Started Coolside construcdon aad 

LIMBKoolside start-up g/26/87 
90% Phase I completion review 

held 11/16/88 
Complete design and permitting 2/89 
Begin Coolside/LIh4B testing 3189 
Complete. construction and start-up 7189 
Complete project 3191 

-4.8 

Design and Permitting 

Construction and Start-up 

Operation, Data Collection, Reporting, and 
Disposition 

fT#j 

- 

Project Status: 

The overall Phase I design effort for the Coolside and LIMB extension demonstration is over 90 percent 
complete. The completion of Phase I has been extended by one month to February 1989. Seledion of a 
Coolside wsste disposal site remains to be completed. 

Construction activities for Coolside are nearing completion and start-up of Coolsidc is anticipated in 
early 1989. 

LIMB with humidification began continuous operation in September 1988 under the EPA test program, 
The system hss operated at design rates and has achieved emissions goals for So2 and NOx. The 
humidifier operation since September 1988 has enabled the precipitator to adequately control particulates. 

The DOE LIMB extension test program is scheduled to begin ia mid-1989 after completion of the 
Coolside testing. Four sorbents aad three coals will be tested to develop a more extensive data base for 
the LIMB technology. 

Problems/Potential Problems: 

Efforts continue to resolve the disposal of LIMB and Coolside ash. Waste ash characterization studies 
have been completed. 



Nucla CFB 
Demonstration Project 

Colorado-Ute Electric Association, Inc. 
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Nucla CFB Demonstration Project 
COLORADO-UTE ELECTRIC ASSOCIATION, INC. 
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Project: Nucla CFB Demonstration Project Voject Objectives: 

Industrial Partlclpant: 
Colorado-Utc Electric Association, Inc. 

To demonsuate the feasibility of circulating fluidized-bed (CFB) combustion technology and to evaluate 
the ewnomical, environmental, and operational benefits of CFB steam generators on B utility scale. 

Cotunder: None ‘recess Description: 

Process: Circulating fluidiied-bed 
combustion 

Locatlon: Nucla, Montrose County, CO 

Coal Feed Characterletlce: 
Bituminous and subbituminous coals 

C&dating fluid&d-bed combustion is a technology that offers several potential benefits. Thcsc include 
lower capital costs, reduced SOx and NOX emissions, and control of polh~tants at lower costs than are 
offered by existing technologies. Emissions will lx lower becaw. NO, is reduced by lower combustion 
temperature and SOz is reduced by reacting with liiestone in the fluid&d bed. The fluid&d-bed 
wmbustor operates at atmospheric pressure. and the bed temperature usually ranges between 1,400 “F 
and 1,600 “F which helps prevent furnace slagging and NOx cmissiins. The atmospheric circulating bed 
system was chosen for this project instead of an atmospheric bubblii bed system because of the 
potential for higher combustion efficiency and better utilization of limestone. 

Plant Capacity: 110 MWc 

Estlmated Total Cost: 
DOE: 

Industrial Participant: 

$54,087,000 
$19,92O,oNl 
$34,167,000 

As part of thii project, three small, coal-fired, stoker-type boilers at the Colorado-Ute Nucla Station are 
being replaced with a single CFB steam generator capable of driving a new 74-MWe turbine generator. 
Extraction steam from this turbine-generator will power tbc three existing turbine generators of 12 MWe 
each. The majority of other existing plant equipment is also beiig utilied to minim& costs and to 
demonstrate the suitability of CFB technology for retrofitting and extending the life of existing units. 
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Nucla CFB Demonsttation Project 
(Colorado-Ute Electric Association, Inc.) 

<ey hltlestone Dates: 

DOE selected pfojcct lOflis7 
Kick-off meeting for fact-finding 

pr-s 11/10/87 
Comprehensive report 

to Congress issued 8l4i88 
DOE signed cooperative agreement lOi3/88 
Complete first set of start-up and 

transient tests 2l89 
Complete first set of steady state tests 6189 
Complete second set of start-up and 

transient tests ma 
Complete second set of steady state 

tests 7l90 
Complete project 8/9’3 

Project Selected 

Cooperative Agreement Executed 

Operational Testing 

Project Status: 

The uqerative agreement was signed by DOE on October 3,1988. DOE is partici@ng in Phase 
III-Operation only. Construction of the new CFB boiler was completed prior to execution of the 
ccqerative agreement by DOE. Cold mode shakedown tests are complete. Hot mode shakedown tests 
arc awaiting the completion of boiler accepancc tcsu now in progress. Hot mode testing and altcrnatc 
fuels testing are planned for 1989. More than 4,302 hours of operation have been logged during the 
acceptance teat period. Tests using low-&fur Colorado coal have been conducted Alternetc fuels 
pmpzwd for future testing include Texas lignite and Illinois high-sulfur bituminous coal. 

Problems/Potential Problems: 

None. 



Prototype Commercial Coal/Oil 
Coprocessing Project 

Ohio Ontario Clean Fuels, Inc. 
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Prototype Commercial Coal/Oil Coprocessing Project 
OHIO ONTARIO CLEAN FUELS, INC. 
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Project: Prototype Commercial Coal/Oil 
Coprocesstng Project 

Incluatrlal Participant: 
ohlo Ontario Clean Fuels, Inc. 

Cofundarr: 
state of ohlo 
Stone and Webster Engineering Corporation 
Canadiao Occidental Petroleum, Ltd. 
EPRI (providing funding only for product 

combustion testing) 
Equlptnent vendors 
Ohio electric utility (potential) 

PlOCeOE: Coproc&asing of coal and residual 
oil to product clean liquid fuels 

Location: Warren, Trumbull County, OH 

Coal Feed Charaoterlstlcs: 
Ohio Nos. 5 and 6 (high-solfur bituminous) 

PfOductiOfl: 152J30 barrels pet day of clean 
distillate products and 57 tons of sulfur 

Feed Rata: 800 tons of coal and 
8,675 barrels of oil pet day 

Eatlmated Total Cost: $225,674,805 
DOE: $45,ooo,ooa 

Industrial Pattlclpants: $180,674,805 

Project Objectives: 

To build a grassroots prototype, commercial coal/oil coprocessing plant to convert high-sulfur, 
high-nitrogen, bimmiaous coal, and poor-quality petroleum residuum to clean liquid fuels, using 
ebullated-bed reactor technology. 

Process Description: 

Coal/oil coprocessing yields liquid fuels that are low in sulfur, nitrogen, and trace metals and high in 
heating value. These liquid products can be used directly as a clean-burning boiler fuel or further 
processed in a conventional pctrolcum refinery to produce transportation fuels. Nitrogen (in the form of 
ammonia) aad sulfut are recovered as by-products, thereby avoiding their introduction into the 
atmosphere as SO= and NOx. Hydrocarbon gases are also colle~ed aa by-products in the form of 
liquefied petroleum gases (LF’G). 

&shed and prepared coal, petroleom residuum, and a recycle solvent (oil) are mixed, pressurized, and 
heated and are imroduced as a slurry along with pressurized hydrogen into the first of two process 
reactors. 

In the reactor, hydrogen reacts with molecoles of coal and heavy residual oil to produce lighter 
molecules. The hydrogen also reacts with the sulfur and nitrogen in the feed to form gaseous hydrogen 
&tide (I+2S) and ammonia (NH$ that are subsequently collected as waste producta. Hydrogen 
consumption is reduced, and product yield is increased by using a second reactor. The liquid effluettt 
from the second reactor is separated from the gases, and the light, clean liquids are then collected through 
a series of pressure reductions and cooliig steps. The heavy liquid stream is cleaned and separated in 
several distillation steps. Both the lighter and heavier liquids are further distilled and blended to produce 
clean naphtha and clean distillate. The gases are cleaned and separated into butane, propane, and fuel gas. 

During the gas cleanup, the water soluble waste products are collected in a sour water stream. Tbe sour 
water is treated by conventional refinery processes to recover elemental sulfur and ammonia as 
by-products. The wastewater is further treated to remove organic compounds before it is discharged 
from the plant. 

The vacuum bottoms from the diitiUation pmcess contain onreacted coal, ash, and residue, which forms a 
solid material at ambient temperature. These bottoms can be solidified, flaked, and burned to generate 
sufiicient steam to meet the plant’s requirements. 



Prototype Commercial Coal/Oil 
Coprocessiog Project 
(Ohio Ontario Clean Fuels, Inc.) 

Cey Milestone Dates: 

DOE selected project 7/24/86 
Issued comprehensive report 

to congfess lOi30/87 
DOE signed cooperative agreement 12/15/87 
Complete design and permitting 6l91 
Complete constrwtion 12192 
Begin operation l/93 
Complete project lU95 

L 
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Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation, Data pllection, Reporting, and 
Disposition 

- 

Project Status: 

DOE signed the cooperative agreement on December 15,1987, and the project is currently in Phase I 
(design). 

Process development testing was initiated in September 1988. A preliminary market analysis and initial 
design and cost estimate have been completed. Studies of an alternate site are under way to improve 
marketing arrangements and project economics. Activities are currently being directed at a utility market 
venture with an Ohio-based utility. 

Problems/Potential Problems: 

The project schedule may be delayed if an environmental impact statement is required. A comprehensive 
environmental report ls in preparation. 
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Tidd PFBC Demonstration Project 
OHIO POWER COMPANY 
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Project: Tidd PFBC Demonstration Project Project Objectives: 

lndustrlsl Pstticipant: 
Ohio Power Company 

Cotunder: 
state of Ohio 

To build and operate a 70-MWe PFBC combined-cycle power plant dcmonsttating that this new 
technology wiU pmait the burning of high-sulk coal ta produce eleztricity in B more economical and 
efficient way than is camnercially available, while meeting or ~xcccding stringeat U.S. envirottmentaI 
standards. 

Process Description: 
Process: Pressuriied fluidiied-bed 
combustion 

Location: Btilliant, Jefferson County, OH 

Ptessurized tluidized-bed combustion (PFEtC) ls a clean coal technology chat can bum bigb-sulfu coal in 
an environmentally superior manner; that is, the emissions of SO. and NO, are held within cumnt 
environmental knits. Unlike conventional technologies, combined-cycle PFBC provides for increased 
electric generation efficiency through a combiied gar and steam cycle. 

Coal Feed Charscterletlcs: 
Ohio high-sulfur biruminous coal 

Plant Capaclty/Produotlon: 70 MWe 

In the PFBC pmcess, crushed coal and a sorbcttt (dolomite ot limestone) arc continuously fed into a 
pressutized vessel in which air, fed from the bottom, maintains tbe coal and sorbat in a higbly turbulent 
suspemied state, called fluidization. During the combustion process, the So2 famed is absorbed by the 
dolomite (C&O3 MgCOx) to form an inert magnesium oxide calcium sulfate (MgO C&04) complex. 

Feed Rate: 660 tons of coal per day 

Eetlmsted Total Cost: 
DOE: 

Industtial Participants: 

$167,500$0CI 
$60,2cwoo 

5107,300,ooo 

The MgO C&O4 complex, a dry, granular by-product when removed from the fluidized bed, can be 
managed mom easily than the sludge from a wet flue gas desulfurizatioa system. The PFBC process has 
ban demonstrated through extensive pilot plant testing to remove over 90 percent of the sulfu from 
4-percent sdfu coal at a CdS molar ratio of 1.6. Similar reactions take place when limestone is used as 
the sorbent. 

Combustion watts in a fluidiid bed at a relatively low temperature of 1,580 “F (860 “C). ‘Ibis 
temperature is below the wb fusion temperature of most co&, thtts eliminating slag formation as well as 
reducing ptoccss sensitivity to coal fype. Funhermore, the low combustion temperature rcstrina the 
formation of NOx to less than that from a conventional pulvetlzed coal-fued plant. 

High pressure in the PFBC process permits a deep bed and allows high residence times, cawing high 
combustion efficiency and good sorbcat utiliition. The deep bed also pert& submerging all boiler 
tubes in the bed, thus taking maximum advantage of the high heat transfer coefficient, leadiag to B very 
compact boiler design. The overall heat-transfer rates in submerged boiler tubes are about 4 to 5 time6 
higher than in a convective environment. The steam produced within these tubes drives a steam turbiie 
generator to produce the bulk of the plant’s electric paver. 

High pressure in the pracess also permits hot gases from the combtutor, after cleaning, ta operate a gas 
turbine-generator. Gases from the wmbustor pass through hi efficiency cyclones to remove 
approximately 99 percent of the solids in the gas stream before entering the gas turbine. The flue gap 
from the gas hubine exhausts through an cconomizer, an clectmstatic precipitator, and B stack. 



Tidd PFBC Demoastration Project 
(Ohio Power Company) 

Cay Milestone Dates: 

DOE selected project 
Issued comprehensive report 

to Congress 
DOE signed cooperative agreement 
Air Permit to Install received 

from Ohio EPA 
Complete design and permittiag 
Continuation into Phase 11 

approved 
Ash Disposal Petit to use 

existing Cardinal fly-ash 
pond received 

Complete construction 
Begin operation 
Complete project 

Design and Permitting 
7/24/86 Construction and Start-up 

Ulll87 
3/20/87 

S/28/87 
W16f87 

U/9/87 

l/88 
10/90 
10/90 
10193 

Operation, Data Collection, Reporting, and 
Disposition 

aroject Status: 

This project is in Phase II-Procurement, Construction, and Start-up and remains on schedule and within 
budget. Formal ground breaking at the Tidd site took place in April 1988. 

Oversll construction is more than 20 percent complete. Notable accomplishments include completion of 
excavation and pile driving, pouring of the wncrete basement and mmbustor support ring, removal of 
asbestos from the existing building, refurbishment of the coal and dolomite storage area, dredging of the 
cooling water intake and discharge channels, and refurbishment of the coal handling equipment. 

Welding of the pressure vessel wss completed at the Babcock & Wilcox fabrication shop in Mt. Vernon, 
Indiana. Radiographic testing of the final weld and stress relieving of the vessel wss completed, and 
hydrostatic testing wss completed in November 1988. Shipment of the pressure vessel to the Tidd plant 
site is scheduled for May 1989. 

Fabrication of the GT-35P gas turbine has begun. The turbine is scheduled for a Spring 1989 shakedown 
on the test stand in Sweden. 

Problems/Potential Problems: 

NNX. 
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Underground Coal Gasification Demonstration Project 
ENERGY INTERNATIONAL, INC. 
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Project: Underground Coal Gasification 
Remonstration Project 

Industrial Participant: 
Energy International, Inc. 

Wunder: 
Venture Pacifk Ltd. 

Process: Underground coal gasification 

Leoatlon: Rawlins, Carbon County, WY 

Coal Feed Characterletlcs: 
Wyoming subbituminous coal 

Feed Rate: 500-1,000 tons of coal p-.x day 

Plant Production: 400 tous of ammonia per 
day 

Estimated Total Cost: $113,182,538 
DOE: 

Industrial Pkicipants: 
$11,792,362 

$101,390,176 

Project Objectives: 

To demonstrate that underground gasificaiion of steeply dipping subbituminous coal beds is a 
cost-effective, reliable, and environmentally acceptable alternative to conventional mining with 
subsequent surface gasification. The sp4!ic objective of this project is to conduct a commercial-scale 
demonstration of steeply dipping bed underground coal gasiiication to provide synthesis gas for a small, 
commercial ammonia plant. 

Process Description: 

Underground coal gasification (UCG) is the process by which coal is burned underground (in siru). and 
the heat generated by the oxidation pyrolytically decomposes and gasifks additional coal to produce 
combustible gases. As the coal is consumed, a cavity develops in the coal seam. The most 
straightforward type of UCG process requires drilliig one well to injea oxygen-cootalniig gases and 
another to remove the gaseous products. 

This project will demonstrate UCG technology in steeply dipping beds of subbituminous coal in 
Wyoming. The demonstration facility will operate for 12 months, gasifying 500 to 1,ooO tons of coal per 
day to produce 24-48 million standard cubic feet per day of product gas. This gas will then be used to 
produce 400 tolls of ammonia per day. The feedstock gas for the ammonia plant will be produced by 
using several UCG modules operating simultaneously. 

In this application, a module is an area in the coal bed containing the gas&&ion reaction zone @d the 
necessary injection and production wells that would comprise a slogle process uoiC in a commercial plant. 
One coal gasifier in a surface coal gasifxation plant is the equivalent of one in-sin4 gasification n@ule. 
Each UCG module consists of two steam/oxygen injection wells and one producer well located above tl~e 
two injection wells. After combustion is initiated, gasification wlll contioue until the coal in the module 
is exhausted. The gas produced will flow successively to heat exchange equipment, a gas/liquid 
separation unit, a salfur removal unit, and then to a conventional ammonia synthesis unit. 



Underground Ccal Gasification 
Demonstration Project 
(Energy International, Inc.) 

<ey Milestone Dates: 

DOE selected project 7124l86 
Comprehensive report to 

Congress issued 11/9/87 
Began P~c+x I--design and 

pxmitting 11/9/87 
DOE signed cooperative agreement 12/23/87 
NEPA documentation completed 2J9l88 
Complete design and pxmitting 7189 
Begin site construction 7189 
Complete construction 9190 
Begin test operations lo/90 
Complete project l/92 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation, Data Collection, Reporting, and 
Disposition 

#g 

- 

Project Status: 

Phase I site charactetization work has indicated that there is no major problem at the site. Energy 
International, Inc., has drilled 26 test holes at the site, 18 of which were for hydrological &ta. Over 
95 percent of the prccess flow diagrams have been approved for design. Most long-lead items are out on 
inquiry. An ammonia plant will be installed at the site instead of the earlier planned ammonia/urea 
facility. 

Problems/Potential Problems 

Delays have ken experienced in completing financing for Phases II and III. A financial package will 
need to be finalized before the project can pmceed into construxion. 
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COREX Ironmaking Demonstration Project 
MINNESOTA DEPARTMENT OF NATURAL RESOURCES 
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Project: COREX Ironmaking Demonstration 
Project 

Industrial Participant: 
Minnesota Department of Natural Resources 

Cotunder: None 

Process: COREX 

Coal Feed Characteristics: 
Low volatiIe coals and coal blends 

Feed Rate: 240$0040,CW~ tons of coal per 
Yew 

Plant CapacHy/ProducUon: 
300,ooo400,oc4 tons of iron per year 

Project Objectives: 

To demonstrate at a commercial scale (300,ooO metric tons per year of pig iron minimum) that the 
COREX process can be used to produce pig iron of blast furnace quality diiectly from U.S. coals and 
ores, thereby eliiinating the coke plant and its environmental problems from the ironmaklng process. 

Process Description: 

The COREX process, developed by Korf Engineering (a West German company), replaces the two-step 
coke oven/blast furnace approach to producing pig iron from iron ore and metallurgical coal with an 
integrated two-component system capable of operation on a variety of U.S. coals. The system consists of 
an upper “reduction shaft” and a lower “melter-gasifrer” component. Iron ore, along with an appropriate 
5ux (e.g., limestone), is fed into the top of the reduction shaft where it is reduced to sponge iron by the 
off-gas from the lower melter-gas&r section into which it is then introduced along with coal. This 
lower section is an oxygen-blown fluid&d-bed g&tier. In this section, the sponge Iron is melted and 
the resulting pig iron and slag arc separated and tapped as io a blast furnace. The low- to medium-Bm, 
sulfiu-free off-gas from the process (sulfur is captured by the limestone and remains in the slag) is 
scrubbed to remove particulates and is available for site use. 

The practicalhy of ironmaking by the traditional method of reducing iron ore material in a coke-fed blast 
furnace has been severely impacted due to environmental problems. The problems lie principally with 
the coke-manufacturing operation which generates emissions and ef5uent that have proven to be 
exceedingly difficult to control 10 levels meeting environmental regulations. The COREX process, by 
eliminating the coking step, is environmentally superior to established ironmaking methods. The process 
offers other advantages as well, including attractive economics, the ability to operate on a wide range of 
coal and iron feed&&s, the capability for rapid start-up and shutdown, and flexibility in tm-ms of 
product slate and plant scale up. 
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Clean Coal Combustion Testing Project 
COMBUSTION ENGINEERING, INC. : 

PROCESS FLOW DIAGRAM 
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Project: Clean Coal Combustion Testing 
Project 

Induatrlal Partlclpant: 
Combustion Engineering, Inc. 

Cotundar: 
EPIU 

Process: coal cleaoiog 

Locatlon: Windsor, Hanford County, a 

Cosl Feed Characteristics: 
Anthracite, bituminous, subbituminous, and 
lignite coals 

Plant Production: ZIJO-MWe test burns 

Faed Rate: 20 tons per hour coal cleaning 

Estimated Total Coatz Subject 10 
negodation 

DOE: TBD 
Industrial Participant: TBD 

TBD: To be determined 

Droject Objectives: 

To develop e comprehensive data bare on the performance of cleaned copis to allow confident 
assessment of the effects of cleaoing on spr&ic boiler perfomuncc. To develop and validate a 
methodology that allows prediction of fuel impec~ 011 toml power plant operation and costa bated upon 
inputs from bench-scale tests. 

Vocess Description: 

In this projea, combustion tests will be conducted OII coals cleaned to different levels et EPRI’s existlag 
coal cleaning wst facility. An initial group of coals will be selected based 0x.1 their commercial 
signlficaoce, rank, and mineral matter charaaeristics. Washability tests will be conducted on the coala to 
determine their potential for beoeficiation. From the lnitlal group, eight coals will be rlected and 
beneGciated (0 IWO levels (one medium and OILC deep cleened). Samples, as approptite, will be tested in 
the labcratory and in small (4-S MBWix) test rigs. The work will be accomplished by two boiler 
cornpanics 10 permit comparison bctwcen tangentially end welLfIred combustion systems. Subsequently, 
four coals would be selcctcd for field tosting lo Z%MWo coel-flrod utility boilora. 



F 

Clean Cc4 Combustion Testing Project 
(Combustion Engineering, Inc.) 

Cey Milestone Dates: 

DOE selected project 12/Q/88 
Kick-off meeting for fact-finding 

vs 2189 
Issue preagtecment milestone schedule TJ3D 
Issue comprehensive repxt to Congress TED 
Execute ccqemtive agreement TBD 
Begin coal cleaning and combustion 

testing TBD 
Complete project 9192’ 

* Preliminary; subject to negotiation 

Project Selected 

Preagreement Milestone Schedule Issued 

Coal Cleaning and Combustion Testing 

Fact-finding and negotiating activities are in progress. 



Coal Waste Recovery 
Demonstration Project 

United Coal Company 

L 

4-77 



Coal Waste Recovery Demonstration Project 
UNITED COAL COMPANY 
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Projea: coal Waste Recovery Demonstration 
Project 

Project Industrial Partlclpant: 
United Coal Company 

Cotunder: NOW 

Procwe: Micmbubble flotation and 
centrifugal drying of coal pmpmtion wastes 

Locatlon: Sharples, Logan Comny, WV 

Coal Feed Characterietlcr: 
Low-sulfur coal fines 

Plant Production: 385 tom of coal per day 

Eetlmatrd Total Cock 

DOE: 
Industrial Participant: 

subject to 
negotiation 

TBD 
TBD 

TBD: To be determined I 

Project Objectives: 

To demomttate the cost-compatitive recovery of tine, low-sulfur coal from a coal refuse disposal 
impoundment. 

Process Description: 

This project will demonstrate the recovery of fine, low-sulfur coal from the Monclo refuse dispa~al 
impxmdment. The waste material slurry in the impotmdment will be removed using a Mu&at flatting 
dredge. It will be pumped to Flotaire microbtk%le flotation cells where the fine coal will be efficiently 
sqmated from the ash The recovered coal will then be dried to 7.7 percent moisture content using a 
Robert and Shaefer centrifuge. The final product is a low-ash, low-sulfur coal in a gmnular, non-dusty 
form. It is easy to handle and suitable for blending. The dcmorwation project will be mnducted at the 
Shar@es Coal Facility, Logan County, West Virginia. 



Coal Waste Recowy Demonstration 
Project 
(United CM Company) 

by Milestone Dates: 

DOE selected project 
Kick-off meeting for fact-finding 

process 
Iswe preagreement milestone 

schedule 
Iswe comprehensive report 

to congress 
Execute cooperative agreement 
Complete design and p%‘mitting 
Complete construction 
Begin operation 
Complete project 

12/9/g8 

3189 

TBD 

TBD 
TBD 
TBD 
TBD 
TBD 

9/91* 

* Preliminary; subject to negotiation 

I 

Project Selected 

Preagreement Milestone Schedule Issued 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation 

Project Status: 



ICCT Project Summaries 

To prevent the release of project specific, proprietary information, the 
diagrams contained in this section of the report are presented only as 
illustrative of the concepts involved. 
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Advanced Limestone Scrubber FGD Demonstration Project 
PURE AIR 
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Project: Advanced L~IDH.OIX Scrubber FGD 
Demonstration Project 

lndustrlal Partlclpant: 
PureAir 

Cofunder: 
Northern Indiana Public 
Service Company (host utility) 

Process: Advanced flue gas scnrbber 

LocatIon: Gary, Lake County, IN 

Coal Feed Characterlstlcs: 
Bituminous coal (2.9% to 4.5% sulfur) 

Plant Capacity: 529 MWe 

Feed Rate: 4,800 tons of coal per day 

Estimated Total Cost: 

DOE: 
Industrial Participant: 

Subject to 
negotiation 

TBD 
TBD 

TBD: To be determined 

Project Objectives: 

To demonstrate the Mitsubishi wet limestone tlue gaJ desulfurization (FGD) technology including 
advanced features at the SOO-MWe scale using high-sulfu U.S. coals. The project will demonstrate 90 
percent sulfu removal, efficient plant operations, and production of salable by-product gypsum, at a cost 
of approximately 50 pcrcenl of currently available FGD systems. 

Process Description: 

A single absorber module will treat the flue gas from existing boilers. The cxpwted high reliability will 
permit operation without the use of spare absorber modules. The sysCem design will USC a high velocity, 
concurrent flow absorber with direct injection of pulverized limestone. The system design includes a 
new and innovative single-loop process which produces commercial gypsum, using in-situ forced 
oxidation accomplished by a rotary air sprayer. A novel wastcwakr evaporation system will be 
evaluated that potentially eliminates water disposaUtreatment problems associated with the use of high 
chloride containing coals; the system results in essentially no water discharge. A cyclic reheater will be 
used lo reduce the operating costs normally associated with steam reheat. 

Unique technical featurea of the project include the first demonstration of a single, IOO-percent capacity, 
scrubber module sewing multiple boilers.; the use of an innovative single-loop pmcess., together with 
in-situ oxidation to product industrial-grade gypsum; and a new was&water evaporation system that 
dllinates effluent. 
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Advanced Limestone Scrubber FGD 
Demonstration Project 
(Flue Air) 

Key Milestone Dates: 

DOE selected project 
Kick-off meeting for fact-finding 

p*oceas 
Issue prcagrcement milestone 

schedule 
Issue comprehensive report 
to Congress 
Execute cooperative agreement 
Complete design and permitting 
Complete cottstruction 
Begin operation 
Gmplete project 

9i2ma 
10/19/88 

l/89 

TBD 
TBD 
TBD 
TBD 
TBD 
6195’ 

* Preliminary; subject to negotiation 

Project Selected 

F’reagreement Milestone Schedule Issued 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation 

- LL 
Project Status: 

Fact-tinding and negotiating activities are in progress. Pure Air and the host utility arc considering a site 
change which will not measurably change the demonstration project. 



Advanced Tangentially Fired Combustion 
Demonstration Project 
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Advanced Tangentially Fired Combustion 
Demonstration Project 

SOUTHERN COMPANY SERVICES, INC. 
PROCESS FLOW DIAGRAM 
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Project: Advanced Tangentially Fired 
Combustion Demonstration Project 

Project Objectives: 

lndustrlal Participant: 
Southern Company Setvices, Inc. 

To demonstrate three NOx wntrol techniques on a 180~MWe tangentially fired utility boiler. The three 
techniques are: (1) advanced over-fire air (AOFA), (2) the low-NOx concent&-fling system (LNCFS), 
and (3) the advanced tangential-firing system (ATFS). 

Cofunders: Process Description: 
Gulf Power Company (host utility) 
EPRI 

Process: Advanced over-fuc air (AOFA) 
Low-NOx concentric-fuiog system (LNCFS) 
Advanced tangential-firing system (ATFS) 

Tbe pctfomw& and NO, and SOx reduction capabilities of each of the three technologies wiU be 
evaluated separately and then ia combination on a single demonstration boiler. Each technology will be 
tested under typical dynamic boiler operating conditions. 

Locatlon: Lynn Haven, Bay County, FL 
(PM Smith) 

The over-fire air process temoves some of the excess air fmm tbe burner flame zone and reintroduces it 
later in tbc combustion atea, away from the hi-temperature flames to reduce NO, formation. AOFA 
improves up00 this process by incorporating the deep staging, improved over-fire ait mixing, and 
boundary air. 

Coal Feed Characteristics: 
Bituminous coals from IL, WV, AL, and KY 
(2.6% to 3.1% sulfur) 

WCFS was developed solely for applications in tangentially fired steam generators add employs a 
technique of separating the fuel and air streams in the tangential-fling atrattgcment. LNCFS has two 
significant advantages over tbe standard tangential arrangement: NO, is reduced, and furnace wall 
slagging is decreased. 

Plant Capacity: 180 MWe 

Feed Rate: 1,711 tons of coal per day 

Estimated Total Cost: 

DOE: 
Industrial Participants: 

Subject to 
negotiation 

TBD 
TBD 

Tbc ATFS combines several established NOx reduction techniques that are applicable to all tangentially 
coal-fiied boilers. It includes AOFA in combination with some aspects of LNCFS. Tbe major element 
of this technique is the repositioning of the coal nozzles from their standard alternating coal-air 
configuration into elevations that are clustered together in gmups of two nozzles throughout the windbox. 
This creates local fuel-rich zones in the furnace burner zone, which reduces NO, formation. Subsequent 
combustion is completed in the air-rich zones created by the LNCFS deilcction air buckets and by tbc 
complete air/combustion-product mixiig afforded by tbe AOFA, which allows deep staging. 
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Advnimd ‘P~8C‘tti&“y Fhd Ckimbusdm 
D&U8fM~tetion Pr6jwt 
(gouthere Campuny Sefvice8, IRC.) 

Kay Mlleetons bates: 
ml3 shad project 
Kic!+cff maetlng for facbfindlng 

process 
Prergnement milestone schedule 

hied 
18888 comgrrhtaaive report to 

Con~fens 
&rrecutc cooperative agreement 
Compietc design and permhting 
t3%.npiae wnstruction 
Begln 0persti0n 

Complete project 

9128188 

1 l/7/88 

it89 

TBD 
TBD 
TBD 

E 
6i92’ 

* Prellmlnary; subject to negctlation 

L 

Project Selected 

Preagreament Milestone Schedule Issued 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation 

L 

Project Status: 

E’aot-tidittg ahd negotktting activities are in progress. 

4 coo 



Advanced Wall-Fired Combustion 
Demonstration Project 

Southern Company Services, Inc. 



Advanced Wall-Fired Combustion Demonstration Project 
SOUTHERN COMPANY SERVICES, INC. 
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Project: Advanced Wall-Fired Combustion 
Demonstration Project 

lndustrlal Pattlclpant: 
Southern Company Services, Inc. 

Cofunders: 
Georgia Power Company (host utility) 
EPRI 

PrOCeSS: Advanced over-f& air (AOFA) 
Second generation low-NOx burners (LNB) 
LNF3 with AOFA combination 

Location: Coosa, Floyd County, GA 
(Plant Hammond) 

Coal Feed Characterlstlca: 
Bituminous coals from WV, TN, KY, and VA 
(1.5% to 2.5% SllItin) 

Plant Capacity: 500 MWe 

Feed Rate: 4,668 tons of coal per day 

Estlmated Total Cost: 

DOE: 
Industrial Participants 

Subject to 
negotiation 

TBD 
TBD 

TBD: To be determined 

Project Objectives: 

To demonstrate three NOx control techniques for retrofitting walLtired, pulverizcd coal-fired boilers. By 
demonstrating the performance of various advanced low-NOx combustion technologies, the dynamic 
long-term NO. emission characteristics can be determined using sophL&ated statistical techniques, and 
the progressive cost-effectiveness can be determined. 

Project Description: 

The three NOx control techniques arc (1) advanced over-fkc air (AOFA), (2) second generation low-NOx 
burners (LNB), and (3) LNB and AOFA combination. Over-tire air is a process that removes some of 
the excess air from the burner name zone and reintroduces it later in the combustion area, away from the 
high temperature flamea to reduce NOx formation. AOFA improvements include the concepts of deep 
staging, improved over-!ire air mixing, and boundary air. LNB provide an alternative to the use of 
over-fuc air as a means to control NOx production through controlled fuel&r mixing (staged 
combustion) for individual burner flames rather than for the entire furnace. Second generation low-NOx 
burners include the Babcock &Wilcox dual register burner type XCL, the Foster Wheeler controlled 
flow split flame burner, and the Riley Stoker controlled ventori burner. The demonstration projeCt will 
evaluate all potential retrofit burner candidates, and the best will be selected to accomplish project 
objectives. The selected LNB system coupled with AOFA is expected to have a NOx reduction potential 
of 50-60 percent compared to the standard hrbulent mixing burners. 



Advanced Wall-Fiied Combustion 
Demonstration Project 
(Southern Company Sewices, Inc.) 

Key Milestone Dates: 

DOE selected pmja 
Kick-off meeting for fact-tindllg 

process 
Issue preagreement milestone 

schedule 
Issue comprehensive report to 

corlgms 
lkecuk cooperative agreement 
Complete permitting and design 
Complete constructicm 
Begin operation 
Complete project 

9/28/88 

11/7/88 

1189 

TEtD 
TBD 
TBD 
TBD 
TBD 

12/91* 

* PreIiiinary; subject to negotiation 

Project Selected 1 

Preagreement Milestone Schedule Issued 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation 

Projectstah#l: 

Fact-finding and negotiating activities are in progress. 
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Cement Kiln Gas Cleaning 
Demonstration Project 

Passamaquoddy Tribe 



Cement Kiln Gas Cleaning Demonstration Project 
PASSAMAQUODDY TRIBE 

PROCESS FLOW DIAGRAM 
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Project: Cement Kiln Gas Cledtg 
Demonstration Project 

lndustrlal Partlclpant: 
Passamaquoddy Tribe 

Cotundera: 
Others to be determined 

Process: Desuliiuization with by-product 
fertilizer production 

Location: Thomaston,Kttox County,ME 

Coal Feed Characterlatlcs: 
Pennsylvania bituminous coal 
(2.5% to 3.0% sdfur) 

Plant Production: 1,425 tom of cement per 
day; 250,000 SCPM of kiln exhaust gas 

Feed Rate: 274 totts of coal per day 

Estimated Total Cost: 

DOE: 
Industrial Participant: 

Subject to 
negotiation 

TBD 
TBD 

TBD: To be determined 

Project Objectives: 

To demonstrate the retrofitting of a w&fired cement kiln with a reaction scrubber for removal of NO, 
and SOn from cement kiln exhaust gas, and a waste kiln-dust recovery system to produce B reusable kiln 
feedstock. The process also produces salable potassium (alkali) sulfate salts and distilled water. The 
project is directly applicable to other commercial cement plants. The project will process 250,000 SCPM 
of kiln gas, which represents a scale-up of the technology from the pilot level of 2,000 SCFM. 

Process Description: 

Exhaust kiln gas from a direct coal-fired cement kiln is first passed through B dust wile&x to rewver 
kiln dust. The gas is then cooled from 300 “F to 130 “F in a combined waste heat exchanger and 
aystalliir. The gas is finally bubbled through a kiln dust slurry to remove about 95 percent of the So2 
and some NO, and then passed to the atmosphere. The kiln dust slurry is prepared from the dust 
recovered from the hot gas and condensate resvered by the cooling of the gas in the waste heat 
exchanger. Tbc calcium oxide in the dust is hydrated to calcium hydroxide in the slurry and reacts with 
CO2 in the exhaust gas during sulfur removal to produce calcium carbonate @nestone). The limestone 
is separated from the reactor effluent slurry and recycled to the cement kiln operation. The supernatant 
from the settler contains dissolved alkali salts, principally potassium sulfate produced by reaction of SOZ 
with potassium hydroxide in the reactor. The potassium sulfate is concentrated and crystallized to 
produce a solid fertilizer product. The water evaporated from the alkali slurry is condensed and 
recovered as distilled water. Overall, the process removes 90 percent of the sulfur from the kiln gas and 
produces no solid or liquid waste. 
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Cement Kilo Gas Cleaning Demonstration 
Project 
(Passamaquoddy Tribe) 

Key Milestone Dates: 

DOE selected project 
Kick-off meeting for fact-finding 

pV3WSS 
Issue preagreement milestone 

schedule 
Issue comprehensive report to 

GXlgICSS 

Execute cooperative agreement 
Complete design and permitting 
Complete construction and 

start-up 
Begin operation 
Complete project 

g/28/88 

10/19/88 

12/14/88 

TBD 
TBD 
TBD 

TBD 
TBD 

10/91* 

l Preliminary; subject to negotiation 

Project Selected 

Preagreement Milestone Schedule Issued 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation 

Project Status: 

Fact-finding and negotiating activities are in progress. 



,lers I Reburning in Cyclone-Fired Boi 
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The Babcock & Wilcox Company 



Coal Reburning In Cyclone-Fired Boilers 
Demonstration Project 

THE BABCOCK & WILCOX COMPANY 
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project: Coal Rebuming in Cyclone-Fired 
Boilers Demonstration Project 

Industrial Partlclpant: 
The Babcock & Wihx Company 

Cofunders: 
Wisconsin Power & Light Company 
(host utility) 
EPRI 
Illinois Department of Energy 

Procese: Cd rebuking for NOx 0~1tro1 

LOCetiOn: Cassville, Grant County, WI 
(Nelson Dewey Plant) 

Coal Feed Charaoterlatlcs: 
Bituminous coal from southern IN 

Plant Capaclty: 100 MWe 

Feed Rate: 950 tons of coal per day 

Estimated Total Cost: Subject to 
negdtiation 

DOE: TBD 
Industrial Participant TBD 

TBD: To be determined 

Project Objectives: 

To evaluate the applicability of reburnlng technology for reducing NOx emissions in full-scale 
cyclone-tired boilers that use coal as a primary fuel. The project will demonstrate that (1) NOa emissions 
can be reduced by more than 50 percent of those from uncontrolled (baseline) conditions at full load and 
(2) cyclone combustor operation, boiler efficiency, boiler fireside performance (corrosion and 
deposition), and boiler ash removal systems will not be seriously affected. 

Process Description: 

Rebumiug is a process by which NOa produced in the cyclone is reduced (decomposed to molecular 
nitrogen) in the main furnace by injection of a secondary fuel. The secondary (or “rebnming”) fuel 
creates an oxygen defmient (reducing) region which accomplishes decomposition of the Nos. Since 
reburning can be applied while the cyclone operates under its normal oxidlnhrg wndition, effects tm 
cyclone performance can be minimised. 



Coal Rebwtting in Cyclone-Fired Boilers 
Demonstration Project 
fJhe Babcock & Wilcox Company) 

Cey Milestone Dates: 

DOE selected project 
Kick-off meeting for fact-finding 

pOCCSS 
Issue preagreement milestone 

schedule 
Issue comprehensive report 

to cmgress 
Execute cooperative agreement 
Complete design and permitting 
Complete construction 
Begin operation 
Complete project 

* Preliminary; subject to negotiation 

g/28/88 

11/7/88 

l/89 

TBD 
TBD 
TBD 
TBD 
TBD 

10/92’ 

Project Selected 

Preagreement Milestone Schedule Issued 

Cooperative Agreement Executed 

Des&t and Permitting 

Construction and Start-up 

Operation 

1’ 

Project Status: 

Fact-finding sad negotiating activities are in progmss. 



Coke Oven Gas Cleaning 
Demonstration Project 

Bethlehem Steel Corporation 
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Coke Oven Gas Cleaning Demonstration Project 
BETHLEHEM STEEL CORPORATION 
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Project: Coke Oven Gas Cleaning 
Demonstration Project 

Project Objectives: 

Industrial Partlclpant: 
Bethlehem Steel Corporation 

To demonstrate commercial operation of a low-cost system for removing stir, ammonia, volatile 
organics. and partiadates from coke oven gas with a minimal need for catalysts and chemicals, and 
producing essentially no solid waste. 

Cofunder: None Process Description: 

Process: Removal of sulfur, ammonia, and 
particulates from coke oven gas 

Locatlon: Sparrows Point, Baltimore County, 
MD (Sparrows Point Plant) 

Coal Feed Characterlstlcs: 
Pittsburgh and Kittaning bituminous coals 
(0.9% to 1.4% sulhlr) 

Plant Production: 74 million SCFD of coke 
oven gas and 12 tons of sultitr per day 

The existing Mke oven battery and coal chemical facility at the Sparrows Point steel mill will be 
retrofitted with a gas cleaning/sulfur recovery system designed to process 74 million SCFD of dirty gas. 
In the coke making process, coal is carbonized to coke for use as a primary reductant and fuel in the blast 
furnace. A considerable amount of gas with a significant heating value is produced in the coke oven. 
This gas is composed of hydrogen, carbon monoxide, methane, other hydrocarbons, tar, oils, hydrogen 
stdiidc, ammonia, and hydrogen cyanide. The process removes the hydrogen s&i&, ammonia, and 
hydrogen cyanide from the coke oven gas by absorption with ammonia and water. The absorbent is then 
steam stripped to produce a concentrated stream of hydrogen sulfide, ammonia, and hydrogen cyanide 
which is passed over a catalyst to convert the ammonia and hydrogen cyanide into nitrogen and water. 
Then a cmnmcrcial Claus system destroys the hydrogen sulfide and produces by-product elemental sulfur 
for sale. Overall approximately 80 percent of the sulfur in the coke oven is removed. The gas cleaning 
system will include indirect cooling which will reduce the emissions of volatile organic compounds into 
the atmosphere. There will be essentially no solid waste produced by this cleanup system. 

Feed Rate: 5,687 tons of coal per day 

Estimated Total Cost: 

DOE: 
Industrial Participant: 

Subjea to 
negotiation 

TBD 
TBD 

TBD: To be determined 



Coke Oven Gas Cleaning Demonstration 
Projeot 
(Bethlehem Steel Corporation) 

Key Milestone Dates: 

DGE selected project 
Kick-off meeting for fact-finding 

process 
Issue preagreement milcstonc 

schedule 
Issue wmprehensive report 

to omgress 
Execute cooperative agreement 
Complcto design and pcrtnittiag 
ccmpletc wnstNctioIl 
BegIn operation 
Complete project 

g/28/88 

10/19/88 

U/18/88 

TBD 

2: 
TBD 
TBD 

1292’ 

L Frelimlnary; subject to negotiation 
L 

4.108 

Project Selected 

Presgreement Milestone Schedule Issued 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation 

L 

Voject Status: 

Fact-finding and negotiating activities are in progress. 



CT-121 FGD 
Demonstration Project 

Southern Company Services, Inc. 
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CT-1 21 FGD De+nanstratlan Project 
SOUTHERN COlvif%N\/ SERVICES, INC, 

PROCESS FLOWDiAGRAM 



Project: CT-121 FGLI &monstmtion Pr@ct 

lnduetrlrl Psrtlolp~nt: 
Southem Campany Services, IFIG 

CQf WdWS: 
Georgia Power c?m-npy (hR?t utility) 
EFRI 

PrQQaIM: AdVW @.G @a 
desulfurizati~n 

Location: Newwq C@veta County, GA 
(Plant Yates) 

Cosl Feed Charwterlsticsr 
Ulinols bituminous cad (2.5% War) 

Plant Capachy; loo MY?% (425,oKl SCFM 
flue pas genemw) 

FM Rettai W tom af wal per day 

Estimated TW Co@; 

DOE: 
lndusuial Participant: 

Subject to 
neg+@tisn 

TBR 
VD 

TEID: To be determined 

Prgject Objectivq3: 

TQ demonst~te t@ Chiyo$a Thorqughbred-121 (n-121) t&e gas de.sulfmiaa~ion system, including 
several design inaovations, at t&e lC@I$& s@e. SpeciGc qbjectives are to &.monstrate !$J-per+u 
SQz mnlmlat high reliab#ty with and *(hoat simul&meoe paniculate ~r@l, further redw$ons in 
operating @$s, and no n& @r flue gas reheat. 

Preq+s pescriptlqt: 

CT-121 is a mnd-gen:mtion FGD process developed as an improvement to ~nventional lim$one 
FGP processes. The pmcess employs a unique absorber design--called a jet babbling reactor--10 
cqmbiw conventional lim@@ne FGD chemi$‘y, forced oxi@#im& and gypsum crystallizalion in one 
re@on vqssel. TM improvements this process employs +ninate many~qf the problems (e.g., poor 
sludge quality and chemical scaling) that often afflict conventional lime&me FGD p-s. 

The process is designed to operate in a pH range of 3 10 5 @en limestone is completely sol@e and 
where the sultite res$ing from 802 absorp!ion can be comp&ly oz+ixd to s+lfate. Calcium @fate 
(gypsum) precipitatiop is comm!led by pmvi@ng seed cry&k as na+ation sites and eliminm~ng t@ 
ayition of gypsum crystals caused by large cemiifugal recycle pump. 



CT-121 FGD Demomuatifm Project 
@%them Cmnpany Service%, bc.) 

Key Milestone Dates: 

DOE selected project 9Lw88 
Kick-off meeting for fact finding 

LG~greement milestone 
1lwt88 

shedull l/89 
lame compreM.sIve npm 

to cocgress ml 
i?mma eqmtlvc agwmenr 
CbnpMe dosign and pErt-&dng E 
CamplQtP LxmSlNetlan TBD 
Begin oporauan Ti3D 
ComptQtQ g6ajQel 1219ar 

* Preliminary; subject to negotiation 

Project Selected 
Preqfeement Milestone Sckdule Issued 
&operative Agwmenr Executed 
Dosign and Permitting 
Cotwuctlon and Start-up 
OptdXl 

Projeot Stmtur: 

Pact4lndlng 6nd negatl6Ung aetlvkb6 am In pmpss. 
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IGCC Repowering Project 

Combustion Engineering, Inc. 
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IGCC Repowering Project 
COMBUSTION ENGINEERING, INC. 
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Project: IGCC Repowering Project Project Objectives: 

lndustrlal Partlclpant: 
Combustion Engineering, Inc. 

Cofunders: 
City Water, Light and Power (host utility) 
Illinois Department of Energy and 

Natural Resources 

To demonstrate the repavering of a pulverized coal-fired power plant with an integrated gasification 
combined-cycle (IGCC) system wing an air blown, dry feed, entrained flow, prcssuri.zed coal g&tier 
with limestone injection. Advanced coal feed and hot gas clcatmp systems will be demonsttated in 
parallel with conventional systems. 

Process Description: 

Process: Integrated gasification 
combined-cycle 

Location: Springfield, Sangamoa County, IL 
(Lakeside Station) 

Coal Feed Characterlstlcs: 
Illinois bituminous coal (2.5% sulfur) 

This project will involve tcpowering an existing steam hubinc at the Lakeside generating station of City 
Water, Light and Power. This plant has two currently retired ZO-MWe coal-fired boilers/turbiics which 
are being considered for reactivation to meet fuhxe paver requirements. One of the steam ttubiie units 
wiIl be eq&ped with a gasification combined-cycle system. This system will inchtde P previously 
undemonstmted, two-stage, entrained flow coal gasifier with both conventional dry coal and kinetic coal 
feed systems, along with limestone injection to the gasifier followed by a moving bed, hot gas, zinc 
ferrite, sulfur and particulate cleanup system. In paraIM with the hot system, a mttvcntional cool gas 
cleanup system will be installed to mitigate risk and to provide a basis for comparison under similar 
operating conditions. Capacity of one steam turbine will be increased from 20 MWe to 65 hfWe through 
the addition of a new gas turbine. 

plant Capaclty/Productlon: 65 MWe and 
12 tons of sulfur per day 

Feed Rate: 480 tons of coal per day 

Estimated Total Cost: 

DOE: 
Industrial Participant: 

Subject to 
negotiation 

TBD 
TED 

TBD: To be determined 



l Preliiinary; subject to negotiation 
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IGCC Repowering Project 
(Combustion Engineering, Inc.) 

Key Milestone Dates: 

DOE selected project 
Kick-off meeting for fact-finding 

pmcess 
Issue preagreement milestone 

schedule 
Issue comprehensive report 

ta con&!nss 
Execute cooperative agreement 
Complete design and permlttlng 
Complete consmtction 
Begin operation 
Complete project 

9/28/88 

10/27/88 

12/20/88 

TBD 
TBD 
TBD 
TBD 
TBD 

7/98* 

Project Selected 

Preagreement Milestone Schedule Issued 

Cooperative Agreement Executed 

Design and Permitting 

Constntctlon and Start-up 

Operation 

Project Status: 

Fact-tinding and negotiating aaivities are in progress. 



LNS Burner for Cyclone-Fired Boilers 
Demonstration Project 

TransAlta Resources Investment Corporation 



LNS Burner for Cyclone-Fired Boilers Demonstration Project 
TRANSALTA RESOURCES INVESTMENT CO,RPORATlON 
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Project: LNS Burner for Cyclone-Fired 
Boilers Demonstration Project 

lndustrlal Paftlclpant: 
TransAlta Resources Investment Corporation 

Cofunders: 
Southern Illinois Power Cooperative 
(host utility) 
Others depzndenl on negotiations 

Process: Advanced slagging coal 
combustor 

Locatlon: Marion, Williamson County, IL 
(Marion Plant) 

Coal Feed Characteristics: Illinois 
high-sulfur bituminous coal 

Plant Capacity: 33 MWe 

Feed Rate: 240 tons of coal per day 

Estimated Total Cost: 

DOE: 
Industrial Participant: 

Subject to 
‘negotiation 

TBD 
TBD 

TBD: To be determined 

Project Objectives: 

To demonstrate a low NOJSO, (LNS) burner retrofitting a utility cyclone boiler. The project will 
demonattate greater than ‘IO-percent SO, reduction on high-sulfw Illinois bituminous coals and contml of 
NO, emissions to less than 150 ppm. 

Process Description: 

This project will retrofit a cyclone-fired boiler with LNS burners and a coal pulvetizer system at a 
33-MWe unit of Southern Illinois Power Cooperative’s Marion Plant. Two LNS burners, each rated at 
200 h4MBtu per hour, will be used to retrofit the existing cyclone boilers and are exited to reduce both 
NO, and SO, emissions. Retrofitting will also include a simple impact-type separator which is expxxd 
to remove up to SO percent of the fly ash. 

The LNS burner is a three-stage, entrained tlow, slagging combustion system. Sulfur is captured by 
injecting limestone in the primary stage. In the second stage, gaseous nitrogenous compounds, including 
NO,, are converted to molecular nitrogen. In the third stage, excess air is added to complete combustion 
and to obtain full heat release. It is in the second, or NOx destruction, s’iige that combustion 
tempemtures are sufGcien!ly high to allow removal of molten slag (which includes the captured sulfur) in 
a glassy ash matrix. 
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LNS Burner for Cyclone-Fired Boilers 
Demonstration Project 
(TransAlta Resources Investment Corporation) 

Key Milestone Dates: 

DOE selected projea 
Kick-off meeting for fact-finding 

process 
Issue preagwment milestone 

schedule 
Issue comprehensive report 

to congress 
Execute cwperative agreement 
Complete design and permitting 
Complete construction 
Begin operational testing 
Complete project 

9/28/88 

10/19/88 

?J89 

TBD 
TDB 
TBD 
TBD 
TBD 
8191’ 

* Preliminary; subject to negotiation 

I 

Project Selected 

Preagreement Milestone Schedule Issued 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation 

Project Status: 

Fact-finding and negotiating activities are in progress. 



Nichols CFB Repowering Project 

Southwestern Public Service Company 



Nichols CFB Repowering Project 
SOUTHWESTERN PUBLIC SERVICE CORPORATION 
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Project: Nichols CFB Repavering Project 

Industrial Participant: 
Southwestern Public Service Company 

Cofunder: None 

Process: Circulating fluid&d-bed 

Location: Near Amarillo, Potter County, TX 
(Nichols Station) 

Coal Feed Characterlstlcs: 
Bituminous and subbituminous coals from 
WY, NM, OK, ON, and KY 

Plant Capacity: 250 MWe 

Feed Rate: 2,352 tons of coal per day 

Estimated Total Cost: Subject to 
negotiation 

DOE: TBD 
Industrial Participant: TBD 

TBD: To be determined 

Project Objeciives: 

To demonstrate the commercial aspects of circulating fluidized-bed (CFB) boiler technology in the 
200-300 MWc range, which represents a scale-up factor of two from the largest CFE boilers proposed for 
commercial service. 

Process Description: 

This project involves repavering an existing steam electric generation plant using a scaled-up CFB 
boiler. Nicholi Station, Unit 3, is a nominal 250~Mwe generating station which entered commercial 
operation in 1968. A coal-fueled CFE steam generating system will completely replace the existing 
gas-fired steam gcneratiog system used to drive a reheat tandem compound steam turbine. The existing 
turbine-generator and the balance of the plant equipment will be retained. 

This CFB boiler will include a complete solids fluidizing and recirculation system. Pulverized coal is 
injencd into the furnace. Limestone is similarly introduced. These solids are fluid&cd with 
approximately 50 percent of the air necessary to sustain complete combustion. This primary air is 
accelerated through nozzles mounted in a bed plate locaied at the bottom of the furnace. As the solids 
are consumed and diminish in size, they are carried from the top of the furnace into 8 mechanical 
separator, typically a cyclone. The separated solids are then reinjected into the lower part of the furnace. 

The balance of the requisite combustion air (secondary air) is introduced above the grate. The staged 
combustion accomplished by introducing the air at hvo separate locations reduces NOx formation. The 
boiler will be designed to operate at the nominal 1600°F furnace exit temperature to maintain optimum 
limestone c&nation and lime sulfation. NO, generation is not significant at this low temperahue. 
Primary furnace temperature control is achieved by regulating the quantity of solids suspended in the 
furnace. Increasing the solids wntent increases the heat transfer rate to the furnace walls. Excess solids 
are removed from the bottom of the furnace through a port in the bed drains. 
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Nichols CFB Rcpowering Project 
(Southwestern Public Service Company) 

Cey Milestone Dates: 

DOE selected project 
Kick-off meeting for fact-findibg 

process 
Issue preagreement milestone 

schedule 
Issue comprehensive report 

to congress 
Execute cooperative agreement 
Complete design and permitting 
Complete construction 
Begin operation 
Complete projea 

9r2fYgg 

1 l/2/88 

TBD 

TBD 
TBD 
TBD 
TBD 
TBD 
4i96* 

*Preliminary; subject to negotiation 

Preagreement Milestone Schedule Issued 

Cooperative Agreement Executed 

Design and Permitting 

Construction add Stat?-up 

Operation 

sroject Status: 

Fact-finding and negotiating activities are in progress. 
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OTISCA Fuel 
Demonstration Project 

Otisca Industries, Ltd. 



OTISCA Fuel Demonstration Project 
OTISCA INDUSTRIES, LTD. 
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Project: OTISCA Fuel Demonstration Project 

lndustrlal Participant: 
Otisca Industries, Ltd. 

Cofunder: None 

Process: Otisca T-process 

Location: 
Syracuse, Onondaga county, NY 
Jamesville, Onondaga County, NY 
Oneida, Oneida County, NY 

Coal Feed Characteriatlcs: 
Eastern bituminous, Taggan seam 

Plant Production: 40,000 dry ions of 
OTISCA fuel per year 

Feed Rate: I5 tons per hour 

Estimated Total Cost: 

DOE: 
Industrial Participant: 

TBD: To be determined 

Subject to 
negotiation 

TBD 
TBD 

Project Objectives: 

To demonstrate the manufacture, storage, handling, and utilization of an ultra-clean coal/water slurry, 
known aa OTISCA fuel. The core of the manufacturing process is the Otisca T-Process, which consists 
of reducing the raw particle size to effect the releases of mineral matter from the coal, and recovering the 
ultra:cleaa coal via a selective agglomeration process that employs pentanc as the agglomerating agent. 

Process Description: 

Otisca Industries, Ltd., developed a coal beneficiation technology (the Otisca T-Process) which is 
expected to remove over 95 percent of the pyritic sulfiu and a significant quantity of mineral matter (ash) 
from virtually any coal while rewvering over 95 percent of the energy value of the input coal in the 
product. Up to seven industrial boilers in the central New York State area currently configured to bum 
oil, gas, or high-solfur coal will be retrofitted to allow for the use of Otisca fuel. 

The process consists of fust milling raw coal to very fine sizes, followed by an agglomeration step using 
pentane to recover the ultra-clean wal. Under such conditions complete separation of the hvo phases is 
achieved by a simple sieve bend or a cyclone. An added benefit of the separation is that the iron pyrite 
broken free from the coal matrix during milliig behaves as the other mineral particles and is rejected 
from the coal product. 



OTISCA Fuel Demonstration Project 
(Otisca Industries, Ltd.) 

by Milestone Dates: 

DOB selected project 
Kick-off meeting for fact-tindiig 

p*OcCSS 
Issue preagreement milestone 

schedule 
Issue comprehensive report 

to congress 
Bxecute cmpcrative agreement 
Complete design and permitting 
Complete construction 
Begin operation 
Complete project 

9128l88 

10/19/88 

12/16/88 

TBD 
TBD 
TBD 
TBD 
TBD 
9191’ 

l Preliminary; subject to negotiation 
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Design and Permitting 
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Project Status: 

Fact-finding and negotiating activities are in progress. 
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Project: Philip Spurn PFBC Repzwering 
Project 

Industrial Participant: 
American Electric Power Service Corporation 

Cofunder: None 

Process: Pressuized fluidized-bed 
combustion 

Location: New Haveq Mason County, WV 
(Philip Spxn Plant) 

Coal Feed Characteriatlcs: 
High- and low-sulfur bituminous coals from 
WV, OH, and KY (1% to 4% sulfw) 

Plant Capacity: 330 MWe 

Feed Rate: 2,936 tons of coal per day 

Estimated Total Cost: 

DOE: 
Industrial Participant: 

Subject 10 
negotiation 

TBD 
TBD 

TBD: To be determined 

Project Objectives: 

To demonware the commercial operation of a 33%MWe pressurized fluid&d-bed combustion (PFBC) 
per plant to produce power more efficiently and with less SOz and NO, emissions than existing 
pulverized coal-tired pxver plant technology. Performance objectives when burning high-sulfur 
(4 percent) coal are to demonstrate a steam cycle system inkgrated with PFBC, a sulfur capture level of 
95 pxcent, and an NO, emissions level below 0.2 Ib/Mh4Btu. 

Process Description: 

Two commercially opxadng 150 MWe pulverized coal-fired electric generating units will be repowered 
by replacing the two boilers wilh a single PFBC/gas turbine module. The units are located at AEP’s 
Philip Spurn Plant in West Virginia. The project demonstrates commercial-scale repwering using 
combined-cycle PFBC, a procw in which sulfur is removed during combustion through the we of a 
sorbent and NO, formakin is minimized due lo a low ted temperature. The steam cycle will include a 
high-pressure Steam system with reheat. A first-of-a-kind 75-MWe hot gas expansion turbine will 
comprise the gas cycle of the power generation system. The total generating capacity of the repnvered 
units will be @oximately 330 MWe, or 10 percent more than the present capacity. The net thermal 
et?kiency of the repowered plant will be impmved 2-3 percent. 



Philip Spom PFBC Repoweting Project 
(American Electric Power Service Corporation) 

Cey Milestone Dates: 

DOE selected project 
Kick-off meeting for fact-finding 

ws 
Iswed pmgreemem milestone 

schedule 
Issue comprehensive mpxt 

to clxlgress 
Execute cooperative agreement 
Complete design and permitting 
Complete construction 
Begin opxation 
Complete project 

9l2.8188 

10/19/88 

12/16188 

TBD 
TBD 
TBD 
TEtD 
TBD 

10/97’ 

Project Selected 

Preagreement Milestone Schedule Issued 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation 

*Preliminary; subject to negotiation 
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Project: Pod-Combustion Sorbcnt Inj&tion 
Demonstration Project 

Industrial Partlclpant: 
Combustion Engineering, Inc. 

Cofunders: 
Virginia Power Company (host utility) 
EPRI 

PrOCesS: In-duct injection; in-duct spray 
drying; convective pass injection 

Location: Yorktown, York Couhty, VA 
(Yorktown PIam) 

Coal Feed Characterlstlcs: 
Bituminous coals from KY, WV, and VA 
(2% to 2.5% sulfur) 

Plant CapCity: 180 MWe 

Feed Rate: 1,704 tons of 4 per day 

Estimated Total Cost: Subject to 
negotiation 

DOE: TBD 
Industrial Participant: TBD 

TBD: To be determined 

Project Objectives 

To demonstrate the use of three dry sorbent injection twhnologies to reduce SO, emission by 50 percent 
or more from the 180~MWe Yorktown Unit No. 2. ‘Ike three technologies to be demonstrated are (1) 
in-duct injection (IDI), (2) in-duct spray drying (IDSD), and (3) convective pass injection (CPI). 

Process Description: 
The three dry sorbent injection technologies being demonstrated involve injeaing a calcium-containing 
sorbent into either the convective pass of the furnace or the duct betwqea the air preheater and the 
particulate control device, normally an electrostatic precipitator or fabric fiher. The So2 in the fIue gas 
reacts with calcium to form dry calcium sultite and calcium sulfate which are removed in the particulate 
control device along with fly ash. These technologies can readily be combined with instalktion of 
low-NOx burners for reduction of NQx emissions. 

4-133 



Post-Combustion Sorbent Injection 
Demonstration Project 
(Combustion Engineering, Inc.) 

<ey Milestone Dates: 

DOE selected project 
Kick-off meeting for fact-finding 

process 
Issue preagreemcnt milestone 

schedule 
Issue comprehensive report 

to congress 
Execute cooperating agreement 
Complete design and permitting 
Complete construction 
Begin operational testing 
Complete project 

9128188 

11/7/88 

l/89 

TBD 
TBD 
TBD 
TBD 
TBD 

12/94* 

*Preliminary; subject to negotiation 
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‘koject Selected ‘Project Selected 
,,,~ ,,,, ,,,~ ,,,, ,,~ ,,,, ,~,,, ,,,, ,,~ ,,,, ,~,,, ,,,, 

7r 7r 
Preagreement Milestone Schedule Issued Preagreement Milestone Schedule Issued v v 

@operative Agreement Executed @operative Agreement Executed 

Design and Permitting Design and Permitting 

Construction and Start-up Construction and Start-up 

Operation Operation 

%ojectstatus: 
Fact-tinding and negotiating activities are in progress. 
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Project: Selective Catalytic Reduction 
Demonstration Project 

Industrial Participant: 
Southern Company Services, Inc. 

Cofunders: 
Gulf Power Compny (host utility) 
EPRI 

Process: Selective catalytic reduction 

Location: Pensacola, Escambia County, FL 
(Plant Crist) 

Coal Feed Characteristics: 
Primarily Illinois Nos. 5 and 6 and Pittsburgh 
No. 8 coal from IL, WV, AL, and KY 
(2.6% to 3.1% sulfur) 

Plant Capacity: 7.5 MWe (equivalent) 

Feed Rate: 72 tolls of coal per day 

Estimated Total Cost: 

DOE: 
Industrial Participant: 

Subject to 
negotiation 

TBD 
TBD 

TBD: To be determined 

Project Objectives 

To demonstrate the use of sckctive catalytic reduction (SCR) as a means of reducing NO, emissions 
from pulverized coal utility boilers using high-sulfur coal. 

Process Description: 

This project will demonstrate that SCR technology provides the most cost-effective means of reducing 
NO, emissions from power plants tiring high-sulfur U.S. coal. Lccated between Units 5 (75 MWc.) and 6 
(320 h4We) of Gulf Power Company’s Plant Crist, the demonstration plant will have access to flue gas 
from approximately 3-percent sulfur coal under a variety of different NOxand particulate levels. If it 
succeeds, the demonstration will show that SCR is a low-mst option for achieving 80-percent reduction 
in NOx emissiom from utility and industrial boilers. The technology could be wed to retrofit all kin& of 
boilers, including boilers (e.g., cyclone-tired boilers) that canoot easily he retrofitted with other 
developing NO, control technologies. 

In the SCR process, a stream of ammonia (NH$ diluted with air is injected into tiler flue gas at the 
conditions at which the flue gas e&s the boiler’s economizer. The quantity of NH3 injected usually can 
be adjusted (within certain limits) to meet the desired NO= removal targets. The flue gas containing NH3 
and NO, then ~xsses through a reaction chamber which contains a catalyst. Under the influence of the 
catalyst, NH3 and NOx react selectively to prcducc Nz and HzO. Several types of catalysts arc available, 
with variations in chemical composition and geometric shape. 



Selective Catalytic Reduction 
Demonstration Project 
(Southern Company Services, Inc.) 

<ey Milestone Dates: 

DOE selected project 9/28/88 
Kick-off meeting for fact-finding 

vs 10/19/88 
Issue preagreement milestone 

schedule l/89 
Issue comprehensive report 

to congress TBD 
Execute cooperative agreement TBD 
Complete design and permitting TBD 
Complete construction TBD 
Begin operation TBD 
Complete project 10/93* 

*Preliminary; subject to negotiation 

Project Selected 

Preagreement Milestone Schedule Issued 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation 

Project !3atus: 

Fact-finding and negotiation activities are in progress. 
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SOX-NOX-ROX Box Flue Gas Cleanup Demonstration Project 
THE BABCOCK & WILCOX COMPANY 
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PrOjeCt: SOX-NQX-ROX Box Flue Gas 
Cleanup Demonstration Project 

lndustrlal Pattlcipants: 
The Babcock & Wilcox Company 

Cofunders: 
Ohio Edison Company (host utility) 
Ohio Coal Development Office 
EPRI 
Others dependent on negotiations 

PrOCem: Combined SOZ, NO,, and 
particulate control 

Location: 
Dills Bottom, Belmont County, OH 
(R.E. Burger Station) 

Coal Feed Characterlstlcs: 
Ohio bituminous coals (2.5% sulfur) 

Plant Capacity: 5-MWe slip-stream of flue 
gas from e 158~hfWe plant 

Feed Rate: 48 tons of coal per day 

Estimated Total Cost: 

DOE: 
Industrial Paticipant: 

Subject to 
negotiation 

TBD 
TBD 

TBD: To be determined 

Project Objectives 

To demonstrate that the SOX-NOX-ROX Box process, used in retrofitting B high-sulfur coal-fxed power 
plant, can remove high levels of all pollutants using a single component for treating flue gas, thereby 
lessening onsite space requirements and capital cab. 

Process Deactiption: 

The SOX-NOX-ROX Bon process is a post-combustion fiue gas cleanup system that combinw the 
removal of SOx, NO, and particulates in one unit--a high-temperature baghowe. This technology will 
be demonstrated on a 5-MWe slip-stream of flue gas by retrofitting a 158~MWe coal-tied generating 
station. ~3% removal is accomplished by injecting either calcium- or sodium-based sorbent into the flue 
gas. NO, is removed by injecting W in the presence of a selective reducing catalyst. Particulates are 
removed before the air heater with high-temperature woven bags. If successful, the demonstration will 
show that B single unit can remove about 50 percent or mew of the SO, about 90 percent of the NOx, 
and more than 99 percent of the particulates. 



SOX-NOX-ROX Box Flue Gas Cleanup 
Demonstration Project 
(The Babcock & Wilcox Company) 

Key Milestone Dates: 

DOE selected project 
Kick-off meeting for fact-finding 

pKX.%S 
Issue preagreement milestone 

schedule 
Issue comprehensive report 

to cmgress 
Execute woperative agreement 
Complete design and permitting 
Complete wnstwtion 
Begin operation 
Complete project 

9/28/88 

10/19/88 

1189 

TBD 
TBD 
TBD 
TBD 
TBD 

8l92’ 

l Preliminary; subject to negotiation 
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Project Selected Project Selected v 

Preagreement Milestone Schedule Issued Preagreement Milestone Schedule Issued T T 

Cooperative Agreement Executed Cooperative Agreement Executed 
t 

Design and Permitting Design and Permitting 

Construction and Start-up Construction and Start-up 

I 

Operation Operation 
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~oject stsals: 
Fact-finding and negotiating activities are in progress. 



WSA-SNOX Flue Gas Cleaning 
Demonstration Project 

Combustion Engineering, Inc. 
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Project: WSA-SNOX Flue Gas Cleaning 
Demonstration Project 

Industrial Partlclpants: 
Combustion Engineering, Inc. 

Cofunders: 
Ohio Coal Development Office 
Ohio Edison Company (host utility) 
Snamprogetti U.S.A., Inc. 

Process: Advanced flue gas cleanup 
(catalytic) 

Location: Niles, Trumbull County, OH 
(Nile5 Station) 

Coal Feed Characteristics: 
High-sulfu bituminous coals from OH 

Plant Capaclty/Productlon: 35 MWe and 
42 tons of sulfuric acid per day 

Feed Rate: 360 tons of coal per day 

Estimated Total Cost: 

DOE: 
Industrial Participant: 

Subject to 
negotiation 

TBD 
TBD 

Project Objective: 

To tkrofit an electric power plant burning high-sulfur Ohio coals with WSA-SNOX technology, which 
catalydcally removes 90 pxcnt of the NOx and SOz from flue gas and produces a salable by-product: 
concentrated sulfuric acid. No sorbcnts are used and no waste by-products arc formed. Full-scale 
compncnts and modules will be wed in the demonstration. 

Process Description: 

This demonstration will involve retrofitting a coal-fired boiler at Ohio Edison’s lOOMWe Nilcs Station. 
In the WSA-SNOX prcccss, flue gas is first pnxcssed through a bag filter to retnove ash pxticks, then 
hated in an exchanger by the existing gas stream to required reaction temperature. A small amount of 
ammonia is added, and the mixture is then prowscd through a reactor that converts NOx to nitrogen and 
water vapx. Gas exiting the NO, converter is heated further, then ~xoccsscd through the SOzreactor in 
which SOz is convened to SO3. ‘lk gas exiting the S% reactor is pwed through a heat exchanger that 
warms incoming feed gas to the NOx reactor and then passed to the condensing tower in which highly 
concentrated sulfuric acid is formed. 



WSA-SNOX FIue Gas Cleaning 
Demonstration Project 
(Combustion Engineering, Inc.) 

Cey Milestone Dates: 

DOE selected project 9/28/@3 
Kick-off meeting for fact-finding 

p”-s 10/19/88 
Issue pmgreement milestone 

schedule 12/23/88 
Issue comprehensive repon 

IO Congress TBD 
Execute cqxrative agreement TBD 
Complete design and pxmitling TBD 
Complete construction TBD 
Begin opemlion TBD 
Complete project 6193’ 

* Preliminary; subject lo negotiation 

Project Selected 

Preagreement Milestone Schedule Issued 

Cooperative Agreement Executed 

Design and Permitting 

Construction and Start-up 

Operation 

:~ :.: ,: ~:: F 

I 
Project Status: 

Fact-finding and negotiating activities are in progress. 


